the key factors for sustainable agricultural development of a nation.
Bangladesh is one of the most densely populated countries of the world. The population will increase to about 200 million (Planning Commission). On the other hand, the cultivable land is decreasing by 1% every year. The total land area of Bangladesh is about 14.84 M ha (million hectares), of which 3.74 M ha (25% of the total) is not available for agriculture due to use for urban areas, industrial buildings, rural homesteads, roads and other infrastructure. The net area of Bangladesh for crop cultivation declined to 7.84 M ha in 2011 from 8. 85 M ha in 1985 85 M ha in (BBS, 2012 . Bangladesh also suffers regularly from several natural calamities (Haq et al., 2012; Islam et al., 2017a; , which may worsen in the future due to climate change (Rokonuzzaman et al., 2018; Hossain et al., 2016) . Thus, Bangladesh needs to produce more food on less land to assure future food security for millions of people every year (Islam et al., 2015a&b) . To achieve this, the two techniques that need to be adopted more frequently are an increase in the cropping intensity by producing two or more crops on the same land all-year round, and an increase in the productivity of individual crops, particularly their ability to utilize basic or limiting resources such as water and nutrients (FAOSTAT, 2013; Dobermann et al., 2013; Datta et al., 2015; Ladha et al., 2016; Datta et al., 2017; Islam et al., 2017b) .
The major cropping pattern of agriculture in Bangladesh mostly consists of rice based cereal crops (Haque, 1998) . Most areas of Bangladesh at present under two crops based cropping pattern, but there prerequisite to increase crop number to meet up the demand. A number of reports on different cropping pattern are available in Bangladesh and abroad (Soni and Kaur, 1984; Malavia et al., 1986; Khan et al., 2005 , Anowar et al., 2012 , Anowar et al., 2015 , Nazrul et al., 2013 where an additional crops could be introduced without much changes or replacing the existing ones for considerable increase of the overall productivity as well as profitability of the farmers and pheromone traps used in Bangladesh (Islam, 2012a,b) . The areas where Maize-Fallow-T.aman cropping patterns were practiced there are a great scope of introducing T.aus rice. Keeping these views in mind, the present study was designed to introduce T.aus rice in the fallow period.
Materials and Methods
The experiment was conducted at the farmers' field condition in khalashpir, Pirgonj, Rangpur ( .0211 E) during two consecutive years2015-17. There were two treatments viz., T 1 = Existing cropping pattern Maize-Fallow-T. aman rice, T 2 = Devloped cropping pattern Maize-T. aus-T. aman rice. The area mostly falls under medium-high land and high land areas of the Agro-Ecological Zone (AEZ) 3 (Tista mender Floodplain). Small un-replicated trials on farmers' fields, known as "dispersed experiments", were established under local farm conditions Ferdous et al., 2017a,b) . The land was divided into two equal plots (each of 660 m 2 ) where one plot was maintained either improved pattern, whereas the other plot was maintained existing pattern in khalashpir, Pirgonj, Rangpur and Hatibandha, Lalmonirhat. The details of crop management practices followed for each crop at khalashpir, Pirgonj, Rangpurand Hatibandha, Lalmonirhat location is provided in Tables 1 and 2 respectively. After physiological maturity, 10 randomly selected plants from each plot were harvested and yield of Maize, T. aus rice and T. aman rice were measured. Yield for each crop was determined plot-wise and converted into yield on an area basis (kg ha -1 ). Benefitcost analysis was conducted to estimate the economic feasibility of Maize, T. aus rice and T. aman rice crop. The production costs of these crops included the cost of field preparation, seed, planting, irrigation, fertilizers, crop protection measures and harvesting. The gross income was estimated using the prevailing average market prices for the yield of these crops in Bangladesh. Net income was calculated by subtracting total expenditure from the gross income which was computed by dividing the gross income with total expenditure (Mahamood et al., 2016 , Ferdous et al. 2017c ,d, 2018 . Production efficiency value in terms of kg ha-1day-1was calculated by total main production a cropping pattern divided by total duration of crops in that pattern (Lal et al., 2017; Tomar and Tiwari, 1990) .
Rice Equivalent Yield (REY):
For comparison between crop sequences, the yield of all crops was converted into rice equivalent on the basis of prevailing market prices of individual crop (Lal et al., 2017) . Rice equivalent yield (REY) was computed as yield of individual crop multiplied by market price of that crop divided by market price of rice.
REY (t ha -1 ) =
Results and Discussion
Yield of the Cropping Patterns: Results of the study have been presented in Table 3 & 5. It was revealed that the entire component crops of Maize-T. aus-T. Aman rice cropping pattern under improved practices (IP) gave higher yield as well as by-product yield in two consecutive years at both the locations. The yield of improved pattern was higher due to inclusion of t.aus ricewith improved production technologies for the component crops. Similar results were also obtained by Anwar et al., 2017 , Kamrozzaman et al., (2015) and Nazrul et al. (2013) . BRRI dhan48 is a short duration high yielding T.aus rice variety which can easily be grown during the fallow period (Mondal et. al., 2015) . ) was recorded with the improved pattern over existing pattern at MLT site Pirganj (Table 4) . REY increased 4.36 t ha -1 by inclusion of T.aus rice with improved production technologies for the component crops. Similar results were also found in Domar (Table 6 ). It is noted that inclusion of additional crop during the fallow period produced higher REY than farmer's practice. Similar results were also obtained by different research group Kamrozzaman et al., 2015; Ferdous et al. 2011 , Anowar et al. 2012 , Nazrul et al., 2013 .
Crop Duration: On an average, cropping pattern comprises existing cropping pattern and improved cropping pattern took 257 and 326 days excluding seedling age of T.aus and T. Aman rice to complete the cycle. It is observed that T.aus rice could be easily fitted in the cropping pattern with turn-around time of 39 days in a year.
Land use efficiency:
Land use efficiency is the effective use of land in a cropping year, which mostly depends on crop duration. Results of the study have been presented in Table 4 & 6. Mean land use efficiency indicated that improved cropping pattern used the land for 89.52% period of the year, whereas ECP used the land for 70.62% period of the year. The improved cropping pattern leads to higher land use efficiency due to longer period field occupied by the crops (326 days), whereas the farmers practice occupied the field for 257 days of the year. Similar results were also obtained by and Alam et al. (2017) .
Economic analysis: Economic analysis done based on prevailing market price during the crop Season. Improved cropping pattern showed its superiority over farmers' pattern during two consecutive years at both the locations. Results of the study have been presented in Table 7 & 8. On an average, gross return of the improved pattern was BDT 346764 ha -1 which was more than 33.56%
higher than farmers' pattern of BDT 259640 ha -1 at MLT site Pirganj (Table 7 ) and in Hatibandha gross return of the improved pattern was BDT 342800 ha -1 which was more than 27.77% higher than farmers' pattern of BDT 268300 ha -1 ( The higher net return of the improved pattern was achieved mainly higher yield advantages of the component crops. Inclusion of new crop (T. Aus rice) as well as improvement of management practices in the improved cropping pattern increased the economic return. Similar results were also obtained by .
Conclusion
From the above results showed that improved cropping pattern was more profitable compared to existing pattern. Considering higher rice-equivalent yield, net monetary return and more sustainability of the improved cropping pattern (Maize-T. Aus-T. Aman rice) with additional crop and improved technologies could be suggested for medium high land of the Teesta Meander Floodplain Agro-ecological Zone (AEZ-3) of Bangladesh.
